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DYSLEXIA
Reading between the laminae
Reading is one of the most complex tasks in which vision is involved. Our
understanding of the visual system is contributing to the analysis of
dyslexia, a reading disorder which may reflect abnormal visual processes.
Reading is a skill often associated with intelligence, but
for up to 10 % of the school population the ability to
read lags behind what might be expected given their level
of intelligence and other general abilities. In order to
read, we need to be able to attend to and recognize
letters and words on a page, but the involvement of
the visual system in this process has, curiously, not
always been appreciated. It has, however, become in-
creasingly clear over the last decade that many dyslexics
have problems with low-level visual functions, particu-
larly so in visual tasks that require integration across
space, binocular control, spatial localization or temporal
integration [1].
These low-level visual functions are all dominated, to
some degree, by the properties of cells in the magno-
cellular laminae of the lateral geniculate nucleus (LGN)
and areas of the visual cortex whose main inputs derive
from the magnocellular LGN (mLGN) cells. The LGN is
a six-layer structure containing two major subdivisions of
cells (Fig. 1). The four dorsal, parvocellular (P) laminae
consist of cells which carry information about high-con-
trast, stationary or slow-moving stimuli, and are sensitive
to wavelength. Cells in the magnocellular (M) laminae,
on the other hand, carry information about low-contrast,
fast-moving or flickering stimuli, but are insensitive to
wavelength. These two segregated populations of cells
form the anatomical and physiological basis of what have
become known as the transient (mLGN) and sustained
(pLGN) visual channels.
The evidence that dyslexic subjects are impaired in
performing tasks that may require transient channel
activity received anatomical support with the discovery,
in post-mortem human brains, that dyslexics show
abnormalities in the magnocellular laminae, but not the
parvocellular laminae, of the LGN [2]. The cells in the
mLGN of the dyslexics' brains were up to 27 % smaller
than the corresponding cells in control brains. It looks,
then, as if there are a number of different reasons to
believe the magnocellular deficit hypothesis may be true.
But there are several problems to be overcome before the
hypothesis can be said to be strongly supported. In the
first place, very little is known about how dyslexics per-
form on tasks designed to tax areas that receive outputs
from the mLGN. A second problem lies in the overlap of
function between pLGN and mLGN cells: although the
segregation of the two groups of cells provides us with
a good heuristic device for probing visual function, it
is true to say that segregation is rarely total. A third
challenge to be met is to link the reading process with
findings about fundamental visual processes.
Fig. 1. The outputs of the magnocellular laminae of the LGN. The two ventral laminae of the LGN provide a major input to areas of V1
in which cells respond to motion, stereopsis, low contrast and low spatial frequencies in images. Much, but by no means all, of this
information is destined for cortical visual area V5 (the 'motion area') and the posterior parietal cortex, which is implicated in visual
attention, visual search, eye movements, spatial vision and integration of information from central and peripheral visual fields.
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It was with the second and third of these problems in
mind that Cornelissen et al. [3] investigated the perfor-
mance of dyslexic subjects on two groups of tasks, testing
their contrast sensitivity and ability to detect coherent
motion. In earlier studies, dyslexics were found to have a
small decrease in contrast sensitivity at low spatial fre-
quencies [4] and a decrease in sensitivity to flickering
gratings over a wide range of spatial frequencies [5,6].
Cornelissen et al. [3] aimed to replicate these findings,
but using higher luminance levels than had previously
been used. In the earlier studies, the subject were tested
at mesopic luminance levels - lower than those at
which one would normally read - whereas Cornelissen
et al. [3] tested subjects at photopic luminance levels
more akin to reading conditions. Under these 'reading
relevant' conditions, the performance of the dyslexic
subjects did not differ from that of control subjects. The
conclusion to be drawn is that, although contrast sensi-
tivity at low luminance levels may help to distinguish
disabled from normal readers, the contrast sensitivity
deficit itself cannot be responsible for the reading deficit.
In their second experiment, Cornelissen et al. [3] took
advantage of the relative specialization for moving stimuli
of mLGN cells and cells in visual area V5. Subjects
viewed two patterns consisting of moving dots (Fig. 2).
The two panels were divided into three horizontal seg-
ments, and the subject's task was to indicate which of the
two patterns contained a middle section of dots moving
in the opposite direction to the other two segments. The
coherence of the two patterns - the percentage of dots
moving in the same direction-- gave a measure of the
subject's ability to detect the difference between the two
patterns. On this task, the dyslexic subjects required
significantly more coherence in the patterns than did the
control subjects. The authors argue that this motion
coherence deficit might be interpreted as support for the
mLGN hypothesis of visual deficits in dyslexia. They also
note, however, that the deficit may reflect some dys-
function in cortical areas related to visual motion percep-
tion, such as area V5 or MST. This is certainly true, but
it is not consistent with their subsequent warning that "if
dyslexia is associated more with cortical than sub-cortical
abnormalities then it becomes difficult to make a strong
case for a specific M pathway deficit in dyslexics".
Rather than weakening the mLGN hypothesis, the
suggestion of a cortical deficit should serve to extend the
hypothesis. For example, even if cortical deficits provide
a better explanation of the data, it may be because of
weakened input from the mLGN. Furthermore, the dis-
covery of abnormal activity in parietal areas in dyslexic
subjects [7,8] suggests it would be worth looking for
dyslexia-associated deficits in the performance of tasks
that can distinguish between processes that depend on
sub-cortical mLGN functions and those that depend on
mLGN-derived cortical functions. As Figure 1 shows,
the mLGN makes a significant contribution to parietal
Fig. 2. Examples of the motion coherence stimuli used by
Cornelissen et al. [3].
cortex function. In other words, the influence of the
mLGN abnormalities reported by Livingstone and her
colleagues [2] may extend through large areas of cortex.
The suggestion that the parietal cortex plays a role in
visual dyslexia is not new [9], and damage to the parietal
cortex can result in symptoms which mimic some of the
deficits of developmental dyslexia [10]. The question that
remains open is whether abnormalities in mLGN cells
can be 'traced' through the visual system of dyslexics to
produce an account of why dyslexics perform badly on
some visual tasks, or whether perceptual effects of mLGN
abnormalities are independent of effects consequent upon
damage to other visually-related regions of the brain.
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